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HIERARCHICAL RANDOMIZED
QUANTIZATION OF MULTI-DIMENSIONAL
FEATURES

TECHNICAL FIELD

This disclosure generally relates to video technology, and
specifically to generation of local descriptors for video fin-
gerprinting using cascading random quantization.

BACKGROUND

Video fingerprinting 1s sometimes used to generate a
unique identifier for a video based on characteristics of the
video’s content. The resulting identifier can be used 1n video
searching applications to locate a video based on 1ts unique
identifier, to match duplicate or near-duplicate copies of a
given video, to identily unauthorized usage or ownership of
copyrighted video material, or other such applications. To
ensure reliable video matching, the video fingerprinting pro-
cess should be designed to yield identifiers that are stable and
invariant to video transformations such as cropping, scaling,
image flipping, changes 1n perspective, or the like.

Some video fingerprinting processes generate unique iden-
tifiers by quantizing characteristics of the video’s content.
However, 11 the video’s characteristics have been altered (e.g.,
by the aforementioned video transformations), the identifier
generated for the altered video may not match the 1dentifier
generated for the original video. Local features having
dimension values that reside near quantization grid bound-
aries are particularly susceptible to such video transforma-
tions, since relatively small changes may cause those values
to quantize to a different integer value. Consequently, the
resulting identifier has a higher likelithood of mismatching.

The above-described 1s merely intended to provide an over-
view of some of the challenges facing conventional systems.
Other challenges with conventional systems and contrasting
benefits of the various non-limiting embodiments described
herein may become further apparent upon review of the fol-
lowing description.

SUMMARY

The following presents a simplified summary of one or
more embodiments 1n order to provide a basic understanding
of such embodiments. This summary 1s not an extensive over-
view of all contemplated embodiments, and 1s mtended to
neither 1dentity key or critical elements of all embodiments
nor delineate the scope of any or all embodiments. Its purpose
1s to present some concepts of one or more embodiments 1n a
simplified form as a prelude to the more detailed description
that 1s presented later.

One or more embodiments of this disclosure relate to quan-
tization of a local descriptor for a video using cascaded ran-
dom quantization. To this end, a descriptor generation com-
ponent can quantize dimensions of the local descriptor
sequentially such that each dimension 1s mapped to a quan-
tization grid generated based on previously quantized dimen-
s1ons. Rather than employ fixed quantization grids to quantize
the respective dimensions, a grid generation component can
shift each grid in a pseudorandom manner based on quantized
values of previously quantized dimensions of the local
descriptor. Cascaded random quantization can introduce a
degree of pseudorandom variation in the grids, thereby reduc-
ing the possibility of mismatching due to unstable areas of the
video’s feature space that lie near grid boundaries. Moreover,
since the grids used to quantize features of a local descriptor
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2

are calculated based on quantized values of other features
within the descriptor, similar features 1n different videos can
be quantized using similar sets of grids despite the pseudo-
random shifting, ensuring consistent quantization between
similar videos.

The following description and the annexed drawings set
forth herein detail certain illustrative aspects of the one or
more embodiments. These aspects are indicative, however, of
but a few of the various ways in which the principles of
various embodiments can be employed, and the described

embodiments are intended to include all such aspects and
their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates creation of a local descriptor based on an
interest point of a video frame.

FIG. 2 1llustrates creation of a local descriptor based on an
interest point averaged over a sequence of video frames.

FIG. 3 illustrates a block diagram of an exemplary descrip-
tor generation component that employs cascaded random
quantization.

FIG. 4 1llustrates creation of a quantized local descriptor
for a video using a descriptor generation component that
includes a cascaded random quantization component.

FIG. 5 1s a block diagram of an exemplary cascaded ran-
dom quantization component.

FIG. 6 15 a flowchart of an example methodology for quan-
tizing a set of local feature dimensions using cascaded ran-
dom quantization.

FIG. 7 1s a flowchart of an example methodology for
matching videos using local descriptors calculated using cas-
caded random quantization.

FIG. 8 15 a block diagram representing an exemplary net-
worked or distributed computing environment for imple-
menting one or more embodiments described herein.

FIG. 9 1s a block diagram representing an exemplary com-
puting system or operating environment for implementing
one or more embodiments described herein.

DETAILED DESCRIPTION

Various embodiments are now described with reference to
the drawings, wherein like reference numerals refer to like
clements throughout. In the following description, for the
purposes of explanation, numerous specific details are set
forth 1n order to provide an understanding of this disclosure.
It 1s to be understood, however, that such embodiments may
be practiced without these specific details, or with other meth-
ods, components, materials, etc. In other instances, structures
and devices are shown 1n block diagram form to facilitate
describing one or more embodiments.

Systems and methods described herein relate to generation
of a local descriptor for a video using cascaded random quan-
tization. Cascaded random quantization techniques can be
employed, for example, 1n video fingerprinting applications
that generate unique 1dentifiers for videos for the purpose of
video matching or identification. In an exemplary video fin-
gerprinting application, one or more 1nterest points within a
video are identified, and a local descriptor 1s generated
describing the interest points. An interest point can be, for
example, a section of a frame having video characteristics that
are easily i1dentifiable and/or that are relatively invarniant to
video transformations (e.g., scaling, cropping, image ilip-
ping, perspective changes, alterations to aspectratio, or other
such video alterations). FI1G. 1 illustrates creation of an exem-
plary local descriptor. In this example, interest point 106 has
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been 1dentified within video frame 102. Interest point 106 can
be selected based on any suitable criteria. For example, inter-
est point 106 can represent a portion of video frame 102
comprising a dark area surrounded by light regions (or vice
versa), an easily detectable transition 1n color (e.g., a sharp
edge within an 1mage), or the like.

The interest point 106 can be described using a multi-
dimensional local descriptor 104, which forms the basis of the
unique 1dentifier for the video. Any suitable set of dimensions
can be included 1n the local descriptor, including type, scale,
X-y position, etc. To make the identifier more discriminative,
local descriptors can be generated for multiple interest points
within the video frame 102. Descriptors can also be obtained
based on video characteristics of video frame 102 as a whole
rather than being limited to interest point 106. In some cases,
the local descriptor can describe characteristics of a range of
video frames (e.g., a video segment) rather than a single
frame, as illustrated 1n FIG. 2. For example, the descriptive
dimensions of interest point 206 can be averaged over frames
202, . (representing times T=1 through T=N, respectively),
and the results can be encoded 1n local descriptor 204. Local
descriptors that are associated with a range of video frames
can include, as dimensions, the time range or frame 1dentifiers
associated with the series of frames 202, _,-

In some video fingerprinting applications, it 1s desirable to
quantize the dimensions of the local descriptor to obtain
integer values for the dimensions. In such cases, each dimen-
s1on value can be mapped to a quantization grid that defines
the quantization levels. Quantizing the local descriptor can
compress the size of the descriptor, and can also place the
local descriptor 1n a format suitable for hashing. The use of
fixed quantization grids for the respective dimensions can
compromise the reliability of the resulting identifier because
of the 1nstability of descriptor values that reside near quanti-
zation boundaries. In the fixed grid scenario, relatively small
alterations to the video (or errors during extraction of the
interest point features) can cause these unstable areas of the
feature space to quantize to a different integer value, creating
the possibility of video mismatches due to similar videos
yielding different 1dentifiers. The problems associated with
fixed grid quantization can be mitigated using randomly gen-
erated grids for the respective dimensions. However, the use
of purely random quantization grids can make consistent
quantization difficult, since similar features 1in different vid-
cos may be quantized using different randomly generated
grids, resulting 1n a false mismatch.

To mitigate these problems, one or more embodiments of
this disclosure provide a descriptor generation component
that employs cascaded random quantization techniques to
yield vaniable yet repeatable quantization grids. FIG. 3 1s a
block diagram of an exemplary non-limiting descriptor gen-
eration component 302 that employs such quantization tech-
niques. Descriptor generation component 302 can include an
input component 304, a feature extraction component 306, a
cascaded quantization component 308, one or more proces-
sors 310, and memory 312. In various embodiments, one or
more of the input component 304, feature extraction compo-
nent 306, cascaded quantization component 308, processor(s)
310, and memory 312 can be electrically and/or communica-
tively coupled to one another to perform one or more of the
functions of the descriptor generation component 302.

Input component 304 can be configured to receive a video
tor which a descriptor is to be generated. Feature extraction
component 306 can be configured to identily one or more
interest points within one or more frames of the video and
extract feature dimensions associated with the interest points.
Cascaded quantization component 308 can be configured to
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4

quantize the extracted feature dimensions of the interest
points to yield a quantized local descriptor for the video. In
particular, cascaded quantization component 308 can apply
cascaded random quantization to the feature dimensions, as
will be described 1n more detail below. Processor(s) 310 can
perform one or more of the functions described herein with
reference to the systems and/or methods disclosed. Memory
312 can be a computer-readable storage medium storing com-
puter-executable instructions and/or information for per-
forming the functions described herein with reference to the
systems and/or methods disclosed.

Characteristics of the descriptor generation component are
described 1n more detail with reference to FIG. 4. Feature
extraction component 406 of descriptor generation compo-
nent 402 receives video 404 and 1identifies one or more inter-
est points within one or more frames of the video 404 accord-
ing to predetermined criteria. In some implementations, the
interest points represent areas within the one or more frames
determined to be easily identifiable (e.g., high-contrast edges,
readily 1dentifiable 1mage objects, etc.). It 1s to be understood
that the cascaded randomized quantization techniques
described herein do not depend on the particular selection of
interest points or the method used to select the interest points.

Uponidentification of the interest points, feature extraction
component 406 extracts a set of feature dimensions 412 that
describe the identified interest points. These feature dimen-
s1ons 412 make up the local descriptor that characterizes the
interest points, and can include such dimensions as type,
scale, x-y position, weight, or other such aspects. The feature
dimensions 412 can also include features of an entire frame or
sequence of frames of the video 404. In cases where the
feature dimensions are generated for a sequence of frames,
the feature extraction component 406 can average the values
of the respective dimensions over the plurality of frames
comprising the sequence. For example, 11 an 1nterest point 1s
a particular image within the video, the feature extraction
component can measure the object’s x-y position within each
frame of the sequence and average the positions over the
sequence. Feature extraction component 406 can then pro-
vide the resulting average x-position and average y-position
as respective feature dimensions of the interest point. Feature
extraction component 406 can also provide, as one of the
feature dimensions 412, a time 1dentifier or a frame 1dentifier
speciiying a location within the video 1n which the interest
point(s) can be found.

Feature extraction component 406 provides the feature
dimensions 412 to the cascaded random quantization compo-
nent 418, which quantizes the feature dimensions to yield a
quantized local descriptor 420. Cascaded random quantiza-
tion component 418 can quantize the feature dimensions by
mapping the values to respective levels of a quantization grid,
which renders the resulting descriptor more compact and
places the descriptor in a format suitable for hashing. The
quantized local descriptor 420 can serve as the basis for a
unique 1dentifier or fingerprint for the video 404 that can be
used 1n video matching or video 1dentification applications.

To reduce the possibility of mismatching due to inconsis-
tent quantization of dimension values residing close to quan-
tization grid boundaries, cascaded random quantization com-
ponent 418 utilizes a sequential quantization technique that
varies the grids used to quantize each dimension 1n a con-
trolled and repeatable manner. In particular, cascaded random
quantization component 418 quantizes the feature dimen-
sions sequentially, such that the grid used to quantize each
dimension 1s generated based on quantized dimensions cal-
culated previously 1n the sequence. When a feature dimension
in the sequence 1s quantized, the resulting quantized dimen-
sion and any other previously quantized dimensions 1n the
sequence are used to determine the grid for the next dimen-

s10n 1n the sequence.
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An exemplary cascaded random quantization component
1s described 1n more detail with reference to FI1G. 5. Cascaded
random quantization component 502 mncludes an input com-
ponent 506, a grid generation component 508, a seed genera-
tor 510, and a quantization component 312. Input component
506 receives feature dimensions 3504 (similar to feature
dimensions 412 of FIG. 4). Feature dimensions 504 can
include, for example, type, scale, x-position, y-position, or
other representative characteristics of selected interest points.
In one or more embodiments, input component 306 can
obtain the feature dimensions 304 from a feature extraction
component of a descriptor generation system (such as feature
extraction component 406 of FIG. 4).

Input component 506 provides the feature dimensions to
orid generation component 508, which generates the quanti-
zation grids used to quantize the respective dimensions. The
orid generated for a given dimension by the grid generation
component 508 1s a function of a seed value provided by seed
generator 510 and previously quantized dimensions of the
feature set provided by quantization component 512. Thus,
orid generation component 508 and quantization component
512 cooperate to sequentially quantize the feature dimensions
504 using grids that are varied 1n a pseudorandom manner.

To vary the grids, one or more embodiments of grid gen-
eration component 508 can include a random number genera-
tor (not shown) that outputs a random value between 0 and 1
based on an 1nitialization tuple referred to hereatter as seeds.
The random number can be represented as:

RND(seeds)

The tuple seeds can include at least the seed value provided
by seed generator 510 and one or more quantized or non-
quantized dimensions. Grid generation component 508 uses
the random number RND(seeds) as a basis for the grids used
to quantize the respective feature dimensions 504.

In a non-limiting example, consider an interest point or
feature of a video represented by the feature dimensions
[type, scale, X, yv]. In the present example, the type dimension
represents a type T of the interest point and does not require
quantization. The dimensions scale, x, and y are values to be
quantized. The grid generation component 308 creates an
initial grid for quantizing the first dimension to be quantized
(scale) based on a pseudorandom number 1mtialized by a
tuple comprising the seed value provided by seed generator
510 and the value of the type dimension:

RND(seed,type)

Assuming the scale dimension 1s to be quantized to a binary
logarithmic grid, quantization component 512 quantizes the
value of scale using the resulting grid as follows:

g_scale=tloor(lg(scale)+RND(seed,type))

where g_scale 1s the quantized value of scale. Note that the
orid used to determine g_scale 1s shifted 1n a pseudorandom
manner based on a seeds tuple comprising the seed value and
the dimension type.

To quantize the next dimension 1n the sequence (X posi-
tion), quantization component provides the quantized scale
value q_scale to the grid generation component 508, which
determines the next grid based on a new seeds tuple compris-
ing the seed value, the type dimension, and the g_scale value.
Assuming the x dimension 1s to be quantized based on mul-
tiples of 50, quantization component 512 can calculate the
quantized value of x as:

g__ x=ftloor(x/30+RND(seed.type,g_scale))
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where g_x 1s the quantized value of x. Stmilarly, quantization
component 312 provides the quantized value q_x to gnd
generation component 508 to determine the grid for quantiz-
ing the next dimension in the sequence. Accordingly, the y
dimension 1s quantized as:

g_ v=tloor(y/30+RND(seed.type,g_scale,g_ x))

where g_v 1s the quantized value of v.

This sequential quantization process 1s continued until all
dimensions of feature dimension 504 to be quantized have
been quantized. Note that in the present example, the gnd
applied to the first dimension to be quantized (scale) 1s based
on both the seed value and the type dimension (which is not
quantized in the present example). However, it 1s to be appre-
ciated that, in some scenarios, the first dimension i1n the
sequence may be quantized to a grid determined based only
on the seed value, with subsequent dimensions in the
sequence quantized based on the seed and any previously
quantized dimensions 1n the sequence.

After all the feature dimensions 504 to be quantized have
been quantized, quantization component 512 can concatenate
the quantized dimensions, any unquantized dimensions (e.g.,
type 1n the present example) and the seed value used to
initialize the pseudorandom numbers to yield a quantized
feature set:

quantized feature=[seed.type,g_scale.g x,q_ v/

Cascaded random quantization component 502 can use this
quantized feature as the basis for a quantized descriptor 514
for the video. Including the seed value within the quantized
descriptor can allow a video matching application to perform
meaningiul comparisons between videos, since the seed
informs the video matching application of the mitialization
value used to derive the quantized descriptor. Accordingly,
the video matching application can generate a descriptor for a
second video using the same seed and compare the results.

In the foregoing example, each feature dimension was
quantized once, using one pseudorandomly generated grid
for each dimension. However, to further reduce the possibility
of mismatches due to inconsistent quantization, one or more
embodiments of the cascaded random quantization compo-
nent 502 can perform multiple quantizations on each dimen-
s10m, such that each dimension 1s quantized using two or more
different grids. To achieve these multiple quantizations, the
cascaded random quantization component 302 can repeat the
cascaded quantization process described above using a dii-
terent seed for each run of the process. For example, 1f two
quantizations are to be performed on feature dimensions 504,
cascaded random quantization component 502 can perform
the cascaded quantization process described above twice—a
first time using seed value seedl, and a second time using seed
value seed2. The resulting quantized feature can be repre-
sented as:

quantized feature=[seedl.type,q_scalel,qg x1,q vl
seed2 type,g_scale2,g_x2,q_ v2]

Cascaded random quantization component can then generate
the quantized descriptor 514 based on these multiple quanti-
zations.

The cascaded random quantization techniques described
above can reduce or mitigate instances of fingerprint mis-
matching between similar videos due to quantization errors
by varying the grids used to quantize the local feature dimen-
sions. This can eliminate the unstable areas of the video’s
feature space that reside close to a fixed grid boundary, which
are relatively susceptible to quantization errors, particularly 1f
the video has been subjected to video processing (e.g., crop-
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ping, scaling, aspect ratio changes, etc.). Moreover, since the
resulting quantized descriptor includes all the quantized
dimensions together with the seed value used to generate the
respective quantization grids, consistent quantization of simi-
lar features 1n different videos 1s more assured.

FIGS. 6-7 1llustrate various methodologies 1n accordance
with certain disclosed aspects. While, for purposes of sim-
plicity of explanation, the methodologies are shown and
described as a series of acts, 1t 1s to be understood and appre-
ciated that the disclosed aspects are not limited by the order of
acts, as some acts may occur in different orders and/or con-
currently with other acts from that shown and described
herein. For example, those skilled 1n the art will understand
and appreciate that a methodology can alternatively be rep-
resented as a series of interrelated states or events, such as 1n
a state diagram. Moreover, not all illustrated acts may be
required to implement a methodology 1n accordance with
certain disclosed aspects. Additionally, 1t 1s to be further
appreciated that the methodologies disclosed hereinafter and
throughout this disclosure are capable of being stored on an
article ol manufacture to facilitate transporting and transier-
ring such methodologies to computers.

FIG. 6 illustrates an example methodology 600 for quan-
tizing a set of local feature dimensions using cascaded ran-
dom quantization. At 602, a video 1s recerved (e.g., by input
component 304) for which a local descriptor 1s to be gener-
ated. At 604, N dimensions of one or more interest points are
extracted from one or more frames of the video (e.g., by
feature extraction component 406). An interest point can be,
for example, an area within a frame having easily identifiable
characteristics and/or characteristics that are relatively invari-
ant to video transformations (e.g., scaling, cropping, image
tlipping, perspective changes, alterations to aspect ratio, or
other such modifications). An interest point can also be an
image feature that 1s averaged over multiple frames of the
video. However, 1t 1s to be appreciated that any suitable selec-
tion methodology can be used to identify the mterest points,
and the cascaded random quantization techniques describe
herein are not dependent upon the particular selection of
interest points.

At 606, a quantization grid 1s determined (e.g., by gnd
generation component 508) based on a pseudorandom num-
ber initialized by a seed. In one or more embodiments, the
pseudorandom number 1s a value between O and 1, and 1s
generated using a random number generator initialized by the
seed. The seed can be a predetermined value, or can be a
randomly or pseudorandomly generated number. The granu-
larity of the grid can be chosen to suit the requirements of the
application and/or the particular dimension being quantized,
with the grid levels being shifted as a function of the pseudo-
random number.

At 608, a selected dimension of the N dimensions 1s quan-
tized (e.g., by quantization component 512) using the grid
determined at step 606, yielding a quantized dimension. At
610, 1t 1s determined (e.g., by cascaded random quantization
component 502) whether all N dimensions have been quan-
tized. If all N dimensions have not been quantized, the
method moves to step 612, where the next dimension of the N
dimensions 1s selected. At 614, a new quantization grid 1s
determined (e.g., by the grid generation component 508)
using a new pseudorandom number generated based on a
tuple comprising the seed and the quantized value determined
at step 608. The method then returns to step 608, where the
dimension selected at step 612 1s quantized (e.g., by the
quantization component 312) using the grid determined at

step 614.
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Steps 608-614 are repeated until all N dimensions have
been quantized. Note that, 1n step 614, the grid used to quan-
tize each dimension 1s determined based on the seed and all
previously quantized dimensions in the sequence. For
example, the grid used to quantize an Nth dimension 1s deter-
mined based on the seed and the N-1 previously quantized
dimensions calculated by each previous performance of step
608. In the present example, when a dimension 1s quantized at
step 608, the quantized value 1s added to the tuple used to
determine the pseudorandom number employed at step 614 to
calculate the next grid.

If 1t 1s determined at step 610 that all N dimensions have
been quantized, in one embodiment, the method moves to
step 616, where 1t 1s determined whether additional quanti-
zations are to be performed on the N dimensions. Performing
multiple quantizations can improve the reliability of subse-
quent descriptor matching by reducing or eliminating the
instability associated with dimension values residing close to
quantization grid boundaries. However, both single quantiza-
tion and plural quantization embodiments are within the
scope of certain embodiments of this disclosure.

If 1t 1s determined at step 616 that an additional quantiza-
tion 1s to be performed, the method moves to step 618, where
a new seed 1s selected (e.g., by seed generator 510). Steps
606-614 are then repeated for all N dimensions using the new
seed to generate the grids at steps 606 and 614. Steps 606-618
can be repeated until the desired number of quantizations has
been obtained for the N dimensions.

If no additional quantizations are to be performed, the
method moves to step 620, where a quantized local descriptor
1s created (e.g., by cascaded random quantization component
502) for the video based on the quantized dimensions
obtained by the previous steps. The quantized local descriptor
can be used to uniquely identify the video, and can be suitable
for use 1 video matching systems, detection of copyrighted
video content, or other such applications.

FIG. 7 illustrates an example methodology 700 for match-
ing videos using local descriptors calculated using cascaded
random quantization. At 702, a first video 1s recerved (e.g., by
input component 304). At 704, N dimensions of one or more
interest points in the first video are extracted (e.g., by feature
extraction component 406). At 706, the N dimensions are
quantized sequentially (e.g., by cascaded random quantiza-
tion component 502) using cascaded random quantization,
using a methodology similar to that described in connection
with FIG. 6. As described 1n previous examples, the cascaded
random quantization can be initialized using a seed (e.g.,
provided by seed generator 510), which serves as a basis for
pseudorandomly shifting the grnids used to quantize the
respective dimensions. I multiple quantizations are desired,
the seed can be varied for multiple repetitions of step 706,
such that each quantized value of a given dimension 1s a result
of a different seed.

At 708, a quantized local descriptor 1s generated (e.g., by
cascaded random quantization component 502) for the first
video using the quantized dimensions obtained in step 706. In
a non-limiting example, the quantized local descriptor can be
generated by concatenating the quantized dimensions as well
as the one or more seeds used to quantize the dimensions. At
710, a first hash 1s generated for the first video based on the
quantized local descriptor. Any suitable hash function can be
applied to the quantized values of the local descriptor to yield
the first hash. At 712, the first hash 1s compared with a second
hash generated for a second video. The second hash can be
derived using method steps similar to those used to generate
the first hash for the first video (e.g., steps 702-710). To ensure
that a consistent comparison 1s being made between the two
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videos, the same seed used to create the quantized local
descriptor and associated hash for the first video can be used
to generate the hash for the second video. For example, if a
video matching application 1s attempting to determine
whether the first video matches the second video, the appli-
cation can obtain the seed from the quantized local descriptor
associated with the first video and generate a quantized local
descriptor for the second video using the same seed. The
second hash can then be dertved based on the quantized local
descriptor for the second video. At 714, a determination 1s
made as to whether the second video matches the first video
based on the comparison between the first hash and the sec-
ond hash.

Exemplary Networked and Distributed Environments

One of ordinary skill in the art can appreciate that the
various embodiments described herein can be implemented
in connection with any computer or other client or server
device, which can be deployed as part of a computer network
or 1n a distributed computing environment, and can be con-
nected to any kind of data store where media may be found. In
this regard, the various embodiments described herein can be
implemented 1n any computer system or environment having
any number of memory or storage units, and any number of
applications and processes occurring across any number of
storage units. This includes, but 1s not limited to, an environ-
ment with server computers and client computers deployed in
a network environment or a distributed computing environ-
ment, having remote or local storage.

Distributed computing provides sharing of computer
resources and services by communicative exchange among,
computing devices and systems. These resources and services
include the exchange of information, cache storage and disk
storage for objects, such as files. These resources and services
can also 1include the sharing of processing power across mul-
tiple processing units for load balancing, expansion of
resources, specialization of processing, and the like. Distrib-
uted computing takes advantage of network connectivity,
allowing clients to leverage their collective power to benefit
the entire enterprise. In this regard, a variety of devices may
have applications, objects or resources that may participate in
the various embodiments of this disclosure.

FIG. 8 provides a schematic diagram of an exemplary
networked or distributed computing environment. The dis-
tributed computing environment includes computing objects
810, 812, etc. and computing objects or devices 820, 822,
824, 826, 828, ctc., which may include programs, methods,
data stores, programmable logic, etc., as represented by appli-
cations 830, 832, 834, 836, 838. It can be appreciated that
computing objects 810, 812, etc. and computing objects or
devices 820, 822, 824, 826, 828, ctc. may comprise different
devices, such as personal digital assistants (PDAs), audio/
video devices, mobile phones, MP3 players, personal com-
puters, laptops, tablets, etc.

Each computing object 810, 812, etc. and computing
objects or devices 820, 822, 824, 826, 828, e¢tc. can commu-
nicate with one or more other computing objects 810, 812,
etc. and computing objects or devices 820, 822, 824, 826,
828, ctc. by way of the communications network 840, either
directly or indirectly. Even though 1llustrated as a single ele-
ment 1 FIG. 8, communications network 840 may comprise
other computing objects and computing devices that provide
services to the system of FIG. 8, and/or may represent mul-
tiple iterconnected networks, which are not shown. Each
computing object 810, 812, etc. or computing objects or
devices 820, 822, 824, 1226, 828, etc. can also contain an
application, such as applications 830, 832, 834, 836, 838, that
might make use of an API, or other object, software, firmware
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and/or hardware, suitable for communication with or imple-
mentation of various embodiments of this disclosure.

There are a variety of systems, components, and network
configurations that support distributed computing environ-
ments. For example, computing systems can be connected
together by wired or wireless systems, by local networks or
widely distributed networks. Currently, many networks are
coupled to the Internet, which provides an infrastructure for
widely distributed computing and encompasses many difier-
ent networks, though any suitable network infrastructure can
be used for exemplary communications made 1ncident to the
systems as described 1n various embodiments herein.

Thus, a host of network topologies and network infrastruc-
tures, such as client/server, peer-to-peer, or hybrid architec-
tures, can be utilized. The “client” 1s a member of a class or
group that uses the services of another class or group. A client
can be a computer process, €.g., roughly a set of instructions
or tasks, that requests a service provided by another program
or process. A client process may utilize the requested service
without having to “know’ all working details about the other
program or the service itsell.

In a client/server architecture, particularly a networked
system, a client can be a computer that accesses shared net-

work resources provided by another computer, e.g., a server.
In the 1llustration of FIG. 8, as a non-limiting example, com-
puting objects or devices 820, 822, 824, 826, 828, e¢tc. can be
thought of as clients and computing objects 810, 812, etc. can
be thought of as servers where computing objects 810, 812,
etc. provide data services, such as receiving data from client
computing objects or devices 820, 822, 824, 826, 828, ctc.,
storing of data, processing of data, transmitting data to client
computing objects or devices 820, 822, 824, 826, 828, ctc.,
although any computer can be considered a client, a server, or
both, depending on the circumstances. Any of these comput-
ing devices may be processing data, or requesting transaction
services or tasks that may implicate the techniques for sys-
tems as described herein for one or more embodiments.

A server 1s typically a remote computer system accessible
over a remote or local network, such as the Internet or wire-
less network infrastructures. The client process may be active
in a first computer system, and the server process may be
active 1n a second computer system, communicating with one
another over a communications medium, thus providing dis-
tributed functionality and allowing multiple clients to take
advantage of the information-gathering capabilities of the
server. Any software objects utilized pursuant to the tech-
niques described herein can be provided standalone, or dis-
tributed across multiple computing devices or objects.

In a network environment 1in which the communications
network/bus 1240 1s the Internet, for example, the computing
objects 810, 812, etc. can be Web servers, file servers, media
servers, etc. with which the client computing objects or
devices 820, 822, 824, 826, 828, ctc. communicate via any of
a number of known protocols, such as the hypertext transier
protocol (HTTP). Computing objects 810, 812, etc. may also
serve as client computing objects or devices 820, 822, 824,
826, 828, ctc., as may be characteristic of a distributed com-
puting environment.

Exemplary Computing Device

As mentioned, advantageously, the techniques described
herein can be applied to any suitable device. It 1s to be under-
stood, theretfore, that handheld, portable and other computing
devices and computing objects of all kinds are contemplated
for use 1 connection with the various embodiments. Accord-
ingly, the below computer described below in FIG. 9 1s but
one example of a computing device. Additionally, a suitable



US 9,087,260 Bl

11

server can include one or more aspects of the below computer,
such as a media server or other media management server
components.

Although not required, embodiments can partly be imple-

mented via an operating system, for use by a developer of 5

services for a device or object, and/or included within appli-
cation soltware that operates to perform one or more func-
tional aspects of the various embodiments described herein.
Software may be described 1n the general context of computer
executable instructions, such as program modules, being
executed by one or more computers, such as client worksta-
tions, servers or other devices. Those skilled 1n the art waill
appreciate that computer systems have a variety of configu-
rations and protocols that can be used to communicate data,
and thus, no particular configuration or protocol 1s to be
considered limiting.

FI1G. 9 thus 1llustrates an example of a suitable computing
system environment 900 i which one or aspects of the
embodiments described herein can be implemented, although
as made clear above, the computing system environment 900
1s only one example of a suitable computing environment and
1s not intended to suggest any limitation as to scope of use or
tfunctionality. Neither 1s the computing system environment
900 be mterpreted as having any dependency or requirement
relating to any one or combination of components illustrated
in the exemplary computing system environment 900.

With reference to FIG. 9, an exemplary computing device
for implementing one or more embodiments in the form of a
computer 910 1s depicted. Components of computer 910 may
include, but are not limited to, a processing unit 920, a system
memory 930, and a system bus 922 that couples various
system components including the system memory to the pro-
cessing unit 920.

Computer 910 typically includes a variety of computer
readable media and can be any available media that can be
accessed by computer 910. The system memory 930 may
include computer storage media 1n the form of volatile and/or
nonvolatile memory such as read only memory (ROM) and/or
random access memory (RAM). By way of example, and not
limitation, system memory 930 may also include an operating
system, application programs, other program modules, and
program data.

A user can enter commands and information into the com-
puter 910 through 1nput devices 940, non-limiting examples
of which can include a keyboard, keypad, a pointing device, a
mouse, stylus, touchpad, touchscreen, trackball, motion
detector, camera, microphone, joystick, game pad, scanner, or
any other device that allows the user to interact with computer
910. A monitor or other type of display device 1s also con-
nected to the system bus 922 via an interface, such as output
interface 950. In addition to a monitor, computers can also
include other peripheral output devices such as speakers and
a printer, which may be connected through output interface
950.

The computer 910 may operate 1n a networked or distrib-
uted environment using logical connections to one or more
other remote computers, such as remote computer 970. The
remote computer 970 may be a personal computer, a server, a
router, a network PC, a peer device or other common network
node, or any other remote media consumption or transmission
device, and may include any or all of the elements described
above relative to the computer 910. The logical connections
depicted 1n FIG. 9 include a network 972, such local area
network (LAN) or a wide area network (WAN), but may also
include other networks/buses e.g., cellular networks.

As mentioned above, while exemplary embodiments have
been described in connection with various computing devices
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and network architectures, the underlying concepts may be
applied to any network system and any computing device or
system 1n which 1t 1s desirable to publish or consume media 1n
a flexible way.

Also, there are multiple ways to implement the same or
similar functionality, e.g., an appropriate API, tool kit, driver
code, operating system, control, standalone or downloadable
soltware object, etc. which enables applications and services
to take advantage of the techniques described herein. Thus,
embodiments herein are contemplated from the standpoint of
an API (or other software object), as well as from a software
or hardware object that implements one or more aspects
described herein. Thus, various embodiments described
herein can have aspects that are wholly 1n hardware, partly in
hardware and partly 1n soitware, as well as 1n software.

The word “exemplary” 1s used herein to mean serving as an
example, instance, or 1llustration. For the avoidance of doubt,
the aspects disclosed herein are not limited by such examples.
In addition, any aspect or design described herein as “exem-
plary” 1s not necessarily to be construed as preferred or
advantageous over other aspects or designs, nor 1s 1t meant to
preclude equivalent exemplary structures and techniques
known to those of ordinary skill in the art. Furthermore, to the
extent that the terms “includes,” “has,” “contains,” and other
similar words are used 1n erther the detailed description or the
claims, for the avoidance of doubt, such terms are intended to
be inclusive 1n a manner similar to the term “comprising” as
an open transition word without precluding any additional or
other elements.

Computing devices typically include a variety of media,
which can include computer-readable storage media and/or
communications media, 1n which these two terms are used
herein differently from one another as follows. Computer-
readable storage media can be any available storage media
that can be accessed by the computer, 1s typically of a non-
transitory nature, and can include both volatile and nonvola-
tile media, removable and non-removable media. By way of
example, and not limitation, computer-readable storage
media can be implemented in connection with any method or
technology for storage of information such as computer-read-
able 1nstructions, program modules, structured data, or
unstructured data. Computer-readable storage media can
include, but are not limited to, RAM, ROM, EEPROM, flash
memory or other memory technology, CD-ROM, digital ver-
satile disk (DVD) or other optical disk storage, magnetic
cassettes, magnetic tape, magnetic disk storage or other mag-
netic storage devices, or other tangible and/or non-transitory
media which can be used to store desired information. Com-
puter-readable storage media can be accessed by one or more
local or remote computing devices, €.g., via access requests,
queries or other data retrieval protocols, for a variety of opera-
tions with respect to the information stored by the medium.

On the other hand, communications media typically
embody computer-readable mstructions, data structures, pro-
gram modules or other structured or unstructured data 1n a
data signal such as a modulated data signal, e.g., a carrier
wave or other transport mechanism, and includes any infor-
mation delivery or transport media. The term “modulated data
signal” or signals refers to a signal that has one or more of 1ts
characteristics set or changed 1n such a manner as to encode
information in one or more signals. By way of example, and
not limitation, communication media include wired media,
such as a wired network or direct-wired connection, and
wireless media such as acoustic, RF, infrared and other wire-
less media.

As mentioned, the various techniques described herein
may be implemented 1n connection with hardware or soft-
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ware or, where appropriate, with a combination of both. As
used herein, the terms “component,” “system’ and the like are
likewise intended to refer to a computer-related entity, either
hardware, a combination of hardware and software, software,
or software 1n execution. For example, a component may be,
but 1s not limited to being, a process running on a processor,
a processor, an object, an executable, a thread of execution, a
program, and/or a computer. By way of illustration, both an
application running on computer and the computer can be a
component. One or more components may reside within a
process and/or thread of execution and a component may be
localized on one computer and/or distributed between two or
more computers. Further, a “device” can come 1n the form of
specially designed hardware; generalized hardware made
specialized by the execution of software thereon that enables
the hardware to perform specific function (e.g., coding and/or
decoding); software stored on a computer readable medium;
or a combination thereof.

The aforementioned systems have been described with
respect to interaction between several components. It can be
appreciated that such systems and components can 1nclude
those components or specified sub-components, some of the
specified components or sub-components, and/or additional
components, and according to various permutations and com-
binations of the foregoing. Sub-components can also be
implemented as components communicatively coupled to
other components rather than included within parent compo-
nents (hierarchical). Additionally, 1t 1s to be noted that one or
more components may be combined into a single component
providing aggregate functionality or divided into several
separate sub-components, and that any one or more middle
layers, such as a management layer, may be provided to
communicatively couple to such sub-components in order to
provide integrated functionality. Any components described
herein may also interact with one or more other components
not specifically described herein but generally known by
those of skill in the art.

In order to provide for or aid in the numerous nferences
described herein (e.g. inferring audio segments), components
described herein can examine the entirety or a subset of the
data to which 1t 1s granted access and can provide for reason-
ing about or infer states of the system, environment, etc. from
a set ol observations as captured via events and/or data. Infer-
ence can be employed to 1dentily a specific context or action,
or can generate a probability distribution over states, for
example. The inference can be probabilistic—that 1s, the
computation of a probability distribution over states of inter-
est based on a consideration of data and events. Inference can
also refer to techmques employed for composing higher-level
events from a set of events and/or data.

Such inference can result 1n the construction of new events
or actions from a set of observed events and/or stored event
data, whether or not the events are correlated 1n close tempo-
ral proximity, and whether the events and data come from one
or several event and data sources. Various classification (ex-
plicitly and/or implicitly trained) schemes and/or systems
(e.g., support vector machines, neural networks, expert sys-
tems, Bayesian beliel networks, fuzzy logic, data fusion
engines, etc.) can be employed in connection with performing
automatic and/or inferred action in connection with the
claimed subject matter.

A classifier can map an input attribute vector, x=(x1, x2,
x3, x4, xn), to a confidence that the input belongs to a class, as
by 1(x)=confidence(class). Such classification can employ a
probabilistic and/or statistical-based analysis (e.g., factoring,
into the analysis utilities and costs) to prognose or ifer an
action that a user desires to be automatically performed. A
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support vector machine (SVM) 1s an example of a classifier
that can be employed. The SVM operates by finding a hyper-
surface 1n the space of possible inputs, where the hyper-
surface attempts to split the triggering criteria from the non-
triggering events. Intuitively, this makes the classification
correct for testing data that 1s near, but not identical to training
data. Other directed and undirected model classification
approaches include, e.g., naive Bayes, Bayesian networks,
decision trees, neural networks, fuzzy logic models, and
probabilistic classification models providing different pat-
terns of independence can be employed. Classification as
used herein also 1s inclusive of statistical regression that 1s
utilized to develop models of priority.
In view of the exemplary systems described above, meth-
odologies that may be implemented in accordance with the
described subject matter will be better appreciated with ret-
erence to the flowcharts of the various figures. While for
purposes ol simplicity of explanation, the methodologies are
shown and described as a series of blocks, it 1s to be under-
stood and appreciated that the claimed subject matter 1s not
limited by the order of the blocks, as some blocks may occur
in different orders and/or concurrently with other blocks from
what 1s depicted and described herein. Where non-sequential,
or branched, flow 1s illustrated via flowchart, 1t can be appre-
ciated that various other branches, tlow paths, and orders of
the blocks, may be implemented which achieve the same or a
similar result. Moreover, not all illustrated blocks may be
required to implement the methodologies described herein-
aiter.
In addition to the various embodiments described herein, 1t
1s to be understood that other similar embodiments can be
used or modifications and additions can be made to the
described embodiment(s) for performing the same or equiva-
lent function of the corresponding embodiment(s) without
deviating there from. Still further, multiple processing chips
or multiple devices can share the performance of one or more
functions described herein, and similarly, storage can be
elfected across a plurality of devices. Accordingly, the inven-
tion 1s not to be limited to any single embodiment, but rather
can be construed 1n breadth, spirit and scope 1n accordance
with the appended claims.
What 1s claimed 1s:
1. A method, comprising:
calculating a first quantization grid as a function of a first
pseudorandom number calculated based on a seed value;

quantizing a first dimension of a descriptor 1n a fingerprint
of a video using the first quantization grid to yield a first
quantized value; and

quantizing a second dimension of the descriptor using a

second quantization grid calculated as a function of the
first quantized value to yield a second quantized value.

2. The method of claim 1, further comprising: calculating
the second quantization grid as a function of a second pseu-
dorandom number calculated based on the seed value and the
first quantized value.

3. The method of claim 2, further comprising: concatenat-
ing the first quantized value, the second quantized value, and
the seed value to yield a quantized descriptor.

4. The method of claim 2, further comprising:

calculating a third quantization grid as a function of a third

pseudorandom number generated based on the seed
value, the first quantized value, and the second quantized
value:

quantizing a third dimension of the descriptor using the

third quantization grid to yield a third quantized value.

5. The method of claim 1, wherein the seed value 1s ran-
domly generated.
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6. The method of claim 1, further comprising: generating
multiple quantized values for the first and second dimensions
respectively using multiple seeds.

7. A system, comprising:

a memory; and

a processor that executes the following computer-execut-

able components stored within the memory:

a feature extraction component configured to identity N
dimensions of a descriptor 1n a fingerprint of a video,
wherein N 1s an integer greater than 1; and

a quantization component configured to sequentially
generate respective N quantized values for the N
dimensions, wherein the quantization component
quantizes an Mth dimension of the N dimensions
using a quantization grid calculated as a function of
previously generated quantized values of 1 to M-1
dimensions of the N dimensions, wherein M 1s an
integer from 1 to N.

8. The system of claim 7, wherein the quantization com-
ponent 1s further configured to calculate the quantization grid
as a function of a pseudorandom number generated based on
a seed value and the previously generated quantized values of
the 1 to M-1 dimensions.

9. The system of claim 8, further comprising: a descriptor
generation component configured to concatenate the N quan-
tized values and the seed value to yield a quantized descriptor.

10. The system of claim 8, wherein the quantization com-
ponent 1s further configured to generate multiple quantized
values for at least one of the N dimensions by varying the seed
value.

11. The system of claim 7, wherein the descriptor charac-
terizes a video frame of the video.

12. The system of claim 7, wherein a dimension of the N
dimensions includes one of a type, a scale, a position, or a
time associated with the descriptor of the video.
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13. A non-transitory computer-readable medium having
stored thereon computer-executable instructions that, in
response to execution, cause a system including a processor
to perform operations, comprising:
calculating a first quantization grid as a function of a first
pseudorandom number calculated based on a seed value;

quantizing a first dimension of a descriptor in a fingerprint
of a video using a first quantization grid to yield a first
quantized value; and

quantizing a second dimension of the descriptor using a

second quantization grid calculated as a function of the
first quantized value to yield a second quantized value.

14. The non-transitory computer-readable medium of
claim 13, the operations further comprising: calculating the
second quantization grid as a function of a second pseudo-
random number calculated based on the seed value and the
first quantized value.

15. The non-transitory computer-readable medium of
claim 14, the operations further comprising;

calculating a third quantization grid as a function of a third

pseudorandom number generated based on the seed
value, the first quantized value, and the second quantized
value:

quantizing a third dimension of the descriptor using the

third quantization grid to yield a third quantized value.

16. The non-transitory computer-readable medium of
claim 13, the operations further comprising: concatenating
the first quantized value, the second quantized value, and the
seed value to yield a quantized descriptor.

17. The non-transitory computer-readable medium of
claim 13, wherein the descriptor 1s at least one interest point.

18. The non-transitory computer-readable medium of
claim 13, the operations further comprising: generating mul-
tiple quantized values for the first and second dimensions
respectively by using multiple seeds.
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